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Experimental and Theoretical Procedures 
 
Materials 
All chemicals were obtained from commercial suppliers and used without further purification, 
unless otherwise noted.  Silver foil (1.0 mm thick, 99.9985%) was purchased from Alfa Aesar.  
Carbon dioxide (99.995%) was obtained from Praxair.  Hexadecyltrimethylammonium bromide 
(1-C16, 98%) was obtained from Spectrum Chemical.  Dihexadecyldimethylammonium bromide 
(2-C16, 97%), didecyldimethylammonium bromide (2-C10, 98%), and 
trimethyldecylammonium bromide (1-C10, 98%) were purchased from Sigma-Aldrich. Selemion 
AMV anion-exchange membrane was purchased from AGC Engineering Co., LTD. 
 
Instrumentation 
Gas chromatography (GC) data was collected on a multiple gas analyzer #5 from SRI 
Instruments. NMR spectra were recorded on a Bruker Avance III 500 MHz spectrometer. 
Electrochemical measurements were conducted using a BioLogic SP300 potentiostat. 
 
Electrode preparation and electrochemical measurements 
Ag foil was mechanically polished (1200G Wetordry sandpaper, 3M) and rinsed with water 
before use.  To prepare modified Ag surfaces, 0.027 mmol of the organic species was dissolved 
in iPrOH (1 mL), and 100 µL of this solution was drop cast onto the Ag foil, yielding to an 
estimated thickness of ~2-3 nm. Once dry, 100 µL of Nafion solution (1 µL of commercial 
Nafion solution per mg of organic species added to 1 mL iPrOH) dropped cast onto the Ag 
surface. 
The prepared electrodes were placed in a two-compartment flow cell, fabricated from a reported 
design,1 and electrochemical experiments were conducted as previously described.2  Product 
distribution data was determined via chronoamperometry experiments conducted for 35 minutes, 
and the average of data from three independently prepared electrodes are reported. 
 
Computational Details 
All the ReaxFF MD simulations were carried out using LAMMPS Molecular Dynamics 
Simulator. The simulation models consist of 1440 Ag atoms [4×18×20 Cu(111) surface], 2000 
water molecules, 26 polymers, and 26 Br anions making the system neutral. The total number of 
atoms per periodic cell is 9519, 10026, 9675, and 10011.  
The dimension of the periodic box for the simulations is 4.60 nm × 4.42 nm × 5.00 nm.  
Energy minimization was carried out first to relax the interface structure with a force 
convergence criteria of 10-6 kcal/mol·Å.  
Constant temperature, constant volume (NVT) simulations were carried out at room temperature 
(298K) with a Nose-Hoover thermostat for 5 ns with a time step of 0.25 fs. The surface tensions 




Grazing incidence X-ray scattering (GWAXS) experiments were performed at bending magnet 
beamline 7.3.3 at the Advanced Light Source (ALS).3 The X-ray energy was 10 keV. A 0.14° 
incidence angle was used, and exposure times were between 0.2-1.0 s. The sample-to-detector 
distance was 28 cm, and a silver behenate calibrant was used to determine beam center and 
sample-to-detector distance. A Pilatus 2M area detector was used for 2D diffraction pattern 
collection. Samples were enclosed in a helium filled chamber to minimize air scattering. Data 
reduction was processed using the Nika software within Igor Pro.4  
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Figure S1. 1H NMR of cetyltrimethylammonium bromide (1), rinsed from electrode after 35 
minutes of chronoamperometry. 
 
1H NMR (500 MHz, CD2Cl2, ppm): δ 3.44 (m, 2H), 3.32 (s, 9H), 1.75 (m, 2H), 1.39-1.27 (m, 

















Figure S2. 1H NMR of commercial cetyltrimethylammonium bromide (1) in CD2Cl2 (bottom), 








Figure S3. 1H NMR of dihexadecyldimethylammonium bromide (2), rinsed from electrode after 
35 minutes of chronoamperometry. 
 
1H NMR (500 MHz, CD2Cl2, ppm): δ 3.39 (m, 4H), 3.25 (s, 6H), 1.69 (m, 4H), 1.37-1.27 (m, 

















Figure S4.  1H NMR of commercial dihexadecyldimethylammonium bromide (2) in CD2Cl2 







Figure S5. 1H NMR of didecyldimethylammonium bromide (3), rinsed from electrode after 35 
minutes of chronoamperometry. 
 
 
1H NMR (500 MHz, CD2Cl2, ppm): δ 3.39 (m, 4H), 3.25 (s, 6H), 1.70 (m, 4H), 1.38-1.28 (m, 

























Figure S6. 1H NMR of commercial didecyldimethylammonium bromide (3) in CD2Cl2 (bottom), 










Figure S7. 1H NMR of decyltrimethylammonium bromide (4), rinsed from electrode after 35 
minutes of chronoamperometry. 
 
1H NMR (500 MHz, CD2Cl2, ppm): δ 3.44 (m, 2H), 3.31 (s, 9H), 1.75 (m, 2H), 1.39-1.28 (m, 



















Figure S8. 1H NMR of commercial decyltrimethylammonium bromide (4) in CD2Cl2 (bottom), 





ReaxFF MD Simulations of Functionalized Ag Surfaces  
 





Figure S10. Snapshot of the interface between the bare Ag surface and (a) water, and CO2, (b) 





Figure S11. Coordination number (CN) of CO2 itself and CO2 with water. At a cutoff of 0.4 nm, 
the CN of CO2 to CO2 is 0.785, and the CN of CO2 to water is 4.727. 
 
 
Figure S12. The fraction of trans-gauche conformations in the organic modifiers. 
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Figure S13. Reduced data is shown for (a) radially averaged intensity vs. q data and (b) nearly 
out-of-plane scattering data taken from vertical line cuts of the two-dimensional images reported 
in the main text at q xy = 0. Scattering from the Ag-coated glass substrate is shown as the bottom 
black trace in (a) and (b). 
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The Contact Angle of Functionalized Ag Surfaces 
 
Table S1: Ag surfaces in order of increasing hydrophobicity, compared to the selectivity of these 
surfaces for CO. Modified Ag surfaces were prepared by drop-casting at the same loading as for 
the chronoamperometry measurements. Contact angle measurements were obtained with 1µL 
droplets of water, and the average of at least four measurements is reported.  
We find that surfaces with 1 and 2 have similar CO selectivities but very different hydrophilicities, 
suggesting that the interaction of the modifiers with the surrounding water is not the selectivity-
























CO selectivity: 90% 97% 48% 45% 25% 
γSL(mN/m) 104.21  113.81 104.86 100.48  
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Raw Data Used in the Figures 
 
Table S2: Data plotted in Figure 1a. Error is reported as the standard error of the mean. Values 
and error bars are calculated from at least three trials. 
Surface H2 (%) CO (%) 
Ag 81.30 ±0.05 25.39 ±0.03 
1-C16 6.59 ±0.05 89.81 ±0.02 
2-C16 0.15 ±0.001 96.62 ±0.01 
2-C10 53.87 ±0.04 44.71 ±0.04 
1-C10 54.16 ±0.05 47.62 ±0.03 
 
Table S3: Data plotted in Figure 1b. Error is reported as the standard error of the mean. Values 
and error bars are calculated from at least three trials. 
Surface H2 (mA/cm2) CO (mA/cm2) 
Ag 0.44 ±0.02 0.14 ±0.03 
1-C16 0.04 ±0.03 0.71 ±0.14 
2-C16 0.001 ±0.001 1.21 ±0.27 
2-C10 0.05 ±0.002 0.04 ±0.01 
1-C10 0.21 ±0.02 0.19 ±0.02 
 
Table S4: Data plotted in Figure 3a (1-C16). 












Table S5: Data plotted in Figure 3b (2-C16). 













Table S6: Data plotted in Figure 3c (2-C10). 












Table S7: Data plotted in Figure 3d (1-C10). 












Table S8: Data plotted in Figure 4a (1-C16). 












Table S9: Data plotted in Figure 4b (2-C16). 













Table S10: Data plotted in Figure 4c (2-C10). 












Table S11: Data plotted in Figure 4d (1-C10). 
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